Sexual dimorphism of growth and development of organs and tissues in poultry species results from differentiated endocrine system and metabolic processes rate, and leads to difference of skeletal muscles mass and final body weight. Our knowledge on physiological variation in free amino acid status of skeletal muscles in meat-type turkeys is strongly limited. The aim of the study was to determine sex-related differences of free amino acid concentration in breast muscles obtained from turkeys at the age of 20 weeks. The experiment was performed with 34 birds divided into two equal groups consisting of females and males. During whole period of the breeding cycle all birds were kept under identical environmental conditions and had free access to fresh water and feed supplied in accordance to their growth stage. At the age of 20 weeks of life, final body weights of birds were measured and breast muscle samples were obtained. To evaluate free amino acid concentrations in breast muscles, the samples were analyzed with the use of ion-exchange chromatography. Statistical comparison of amino acid concentration in breast muscles of females and males was performed using non-paired Student's t-test. Final body weight was 27.6% higher in male than in female turkeys. Skeletal muscle concentration of glutamine, tryptophan, serine and asparagine was found to be significantly higher in males than in females, while opposite results were obtained analyzing cysteic acid, taurine and valine. In conclusion this study revealed sex-differentiated final body weight and skeletal muscle amino acid concentrations in turkeys. Improved skeletal muscle metabolism of functional amino acids glutamine and tryptophan in males may be postulated as crucial factors responsible for their higher growth rate and final body weight when compared to females. The obtained results may serve to optimizing feed for turkeys and their systemic development.
Introduction
Optimal locomotory functions in humans and animals are determined by proper skeletal muscle function and mass. Skeletal muscle tissue is the predominant site of glucose uptake and energy expenditure increasing during physical activity and contributes to metabolic and energy homeostasis (Smith et al., 2008) . Sex-related differences in body composition were well documented both in animals and humans. It was recognized that females have less lean body mass and body weight than males (Young et al., 1979; Ferretti et al., 1998) . Unfortunately, the mechanisms responsible for such sexual dimorphism in body composition are not fully understood. It is postulated that most of sex-related differences is conditioned via differentiated sex-hormone milieu in females and males. In vitro and in vivo studies with a use of animal models and humans have demonstrated that testosterone stimulates skeletal muscle protein synthesis and increases muscle mass (Grigsby et al., 1976; Griggs et al., 1989; Rooyackers and Nair, 1997; Bhasin et al., 2001) . On the other hand, ovarian hormones may inhibit muscle protein synthesis and muscle growth (Toth et al., 2001; McCormick et al., 2004; Piccone et al., 2005) . During growth of meat type turkeys under current farming conditions, very rapid skeletal muscle protein synthesis results from intensive anabolic processes of amino acids. The largest store of intracellular free amino acids is located in the skeletal muscle tissue compartment, containing also major pool of body protein (Filho et al., 1997) . Free intracellular amino acids in skeletal muscles are the immediate precursors of protein and their distribution is an important factor regulating protein synthesis. Determination of free intracellular amino acids provides valuable information about total pool of each free amino acid and also about protein metabolism (Canepa et al., 2002) . Sexual dimorphism of growth and development of organs and tissues in poultry species results from differentiated endocrine system and metabolic processes rate, and leads to discrepancy of skeletal muscles mass and final body weight. Data on physiological variation in free amino acid status of skeletal muscles in meat-type turkeys are strongly limited.
The aim of the study was to determine sex-related differences of free amino acid concentration in skeletal muscle tissue obtained from male and female turkeys at the age of 20 weeks of life. To reach this aim, the evaluation of free amino acids in breast muscle samples was preformed using ionexchange chromatography.
Materials and Methods

Experimental Design and Sampling Procedure
The experimental procedures used throughout this study were approved by the Local Ethics Committee on Animal Experimentation. The experiment was performed on 34 HB-91 (Holly Berry 91) turkeys divided into two equal groups consisting of females (n＝17) and males (n＝17). During whole period of the breeding cycle all birds were kept under standard farming conditions with natural lightening, optimal temperature and access to fresh water and feed ad libitum that was supplied in accordance to their growth stage. The animals were able to walk freely on 50 m 2 area lined with the straw. At the age of 20 weeks of life, final body weights (BW) of females and males were determined and birds were sacrificed with the use of i.v. injection of sodium pentobarbital (Morbital, Biowet Puławy Corp., Poland) at the dosage of 75 mg/kg of BW with earlier premedication by xylazine (10 mg/kg of BW i.m., Sedazin, Biowet Puławy Corp., Puławy, Poland). Before the euthanasia, all animals were fasted for 12 hours, thus the last meal consumed by the experimental males and females had no effects on free amino acid pool. Breast muscle samples (each weighing about 2.0 g) were obtained immediately after skin separation and frozen in liquid nitrogen. The muscle samples were kept in minus 25℃ until amino acid analysis.
Ion-exchange Analysis of Amino Acid Concentrations in Skeletal Muscles
To evaluate free amino acid concentrations, the breast muscles from each bird were prepared as 1.0 g samples and homogenized in 10 ml of 6.0% sulphosalicylic acid buffered to pH 2.9. The homogenized samples were centrifuged 15 minutes at 12 000 rpm. The obtained supernatants were used for free amino acids determination with the use of ionexchange chromatography (INGOS AAA-400 apparatus for automatic analysis of amino acids, Ingos Corp., Prague, Czech Republic). Amino acids were separated using analytic column OSTION LG FA 3 mm×200 mm. For amino acid separation five lithium citrate buffers (pH 2. 9, 3. 1, 3. 35, 4.05 and 4.9, respectively) were used. The amino acids were derivatized with ninhydrin and their identification was performed on the basis of retention time in comparison to the standards provided by Ingos Corp. (Physiological, Asparagine＋Glutamine, and Tryptophan), using photocell combined with a computer. The original software MIKRO version 1.8.0 (Ingos Corp., Prague, Czech Republic) was used for amino acids evaluation.
Statistical Analysis
All values are presented as means±SEM. Statistical analysis was performed using Statistica software (version 6.0) and non-paired Student' s t-test. The differences between mean values were considered as statistically significant at P ＜0.05.
Results
Final body weight of male turkeys reached 11.88±0.19 kg and was significantly higher when compared to 9.30±0.20 kg obtained in females (P＜0. 001). The values of amino acid concentrations in breast muscles of female and male turkeys at the age of 20 weeks of life are shown in Table 1 Serine concentration in breast muscle of male turkeys reached significantly higher value when compared to the female group (P＝0.007). Skeletal muscle concentration of asparagine was significantly higher in males than in females (P＝0.02). Furthermore, skeletal muscle concentrations of glutamine and tryptophan reached significantly higher values in male turkeys when compared to females (P＜0.05). Concentrations of cysteic acid, taurine and valine in breast muscle of females were found to be significantly higher when compared to the group of males (P＜0.05). Statistically significant differences were not found between males and females when comparing concentrations of the other evaluated amino acids in breast muscles (P＞0.05).
Discussion
Among protein amino acids; arginine, cysteine, glutamine, leucine, proline and tryptophan are considered as functional amino acids (FAA). Beside their building function in protein and polypeptides structures, FAA determine proper course of key metabolic pathways necessary for maintenance of optimal growth, reproduction and immunity in animals. Therefore FAA maximize efficiency of feed utilization, enhance protein accretion, reduce adiposity and improve health status that are important factors determining economic effectiveness in poultry production process (Wu et al., 2007; Suenaga et al., 2008; Wu, 2009; Wu et al., 2009) . Abnormal amino acid metabolism disturbs organism homeostasis, impairs proper systemic growth and development, as well as may lead to death (Brodzki et al., 2005; Wu, 2009; Amorini et al., 2012) .
Considering the facts that over 50% of body weight in turkeys and other husbandry animals is determined by lean mass, and the skeletal muscles are the largest reservoir of free amino acids in the organism, the determination of sexrelated differences in concentration of these metabolic indices in skeletal muscle tissue was performed in this study (Faruga et al., 2008; Davies and Fiorotto, 2009) . Our results have shown that final body weight of male turkeys was 27.6 % higher in comparison to females, proving sex-dependent differences in skeletal muscle amino acid metabolism and muscle mass, even though all animals were fed identical diet ad libitum and kept at the same environmental conditions for 20 weeks. It is not surprising that lean body mass and final body weight was higher in males than in females, especially when one considers higher growth rate and systemic development in male birds (Gous et al., 1999; Scheuermann et al., 2003) . Similarly to sex-differentiated body weight, performed evaluation of amino acid concentrations in breast muscles has revealed differences between females and males. It was shown that skeletal muscle concentration of serine and asparagine was higher in males than in females by 12% and 62%, respectively. Furthermore, higher body weight of males was related to increased skeletal muscle content of glutamine and tryptophan by 38% and 92%, respectively. Considering lack of significant effects of asparagine in skeletal muscles as well as the fact that serine plays main physiological functions in one-carbon unit metabolism, syntheses of purines and pyrimidines, and protein phosphorylation, it may be postulated that higher body weight of male turkeys is mainly determined by improved skeletal muscle metabolism of FAA such as glutamine and tryptophan (Wagenmakers, 1998) . Glutamine is the most abundant free alpha-amino acid in skeletal muscles and plays an important role in organism regulating gene expression, protein turnover, anti-oxidative function, nutrient metabolism, immunity, and acid-base balance. It was reported that intracellular and extracellular concentrations of glutamine exhibit marked reductions at hypercatabolic pathological states such as infection, sepsis, injury, severe burn and cancer which are associated with negative protein balance in skeletal muscle (Xi et al., 2011) . Thus increased glutamine concentration in skeletal muscle tissue during fast growth of turkeys determines improved muscle protein accretion. This statement is supported by results obtained in rats where infusion of glutamine into skeletal muscle increased protein synthesis and inhibited protein breakdown (Maclennan et al., 1987; Maclennan et al., 1988) . It was shown that increased extracellular glutamine concentration improves protein synthesis and decreases protein degradation in chicken skeletal muscle in dose-dependent manner (Wu and Thompson, 1990) . Moreover, positive relationship between intramuscular concentrations of glutamine and muscle protein synthesis in chickens was reported (Watford and Wu, 2005) . Cell signaling via the mammalian target of rapamycin (mTOR) is considered as the main mechanism responsible for protein synthesis and positive effects of glutamine on skeletal muscles (Wu, 2009) . Tryptophan as an essential amino acid in poultry is required for a wide variety of metabolic activities, normal growth and optimal nitrogen balance. Tryptophan is present at high concentration in membrane proteins. Its concentration in organisms is the lowest among all amino acids and it plays a rate-limiting role in muscle protein synthesis (Corzo et al., 2005) . Considering metabolic pathways of tryptophan in the body, its direct utilization for protein synthesis may be postulated as crucial mechanism responsible for higher body weight and increased skeletal muscle mass in male turkeys observed in this study. Its contribution to serotonin, niacin, kynurenic and xanthurenic acids synthesis seems not to be involved into anabolic effects on skeletal muscle tissue and the amount of tryptophan used for the course of these processes diminish proportionally protein synthesis (Le Floc'h et al., 2011) . Contrary to higher body weight and skeletal muscle concentration of serine, asparagine, glutamine and tryptophan in male turkeys observed in this study, the decreased concentrations of cysteic acid, taurine and valine were found, when compared to the females. Considering that effects of cysteic acid in organisms are related to taurine and cysteine metabolic pathways, lack of important physiological role of this amino acid in muscle tissue limits its contribution to sex-dependent differences in skeletal muscle characteristic (Scheibel et al., 1980) . Even though taurine is ubiquitous compound present in particularly high concentrations in cardiac and skeletal muscles, it is considered as a beta amino acid that does not Tatara et al.: Muscle Amino Acid Concentrations in Turkeys participate in peptide bond formation. As a fairly inert compound, taurine modulates basic processes such as osmotic pressure, oxidative stress, cation homeostasis, enzyme activity, receptor regulation, cell development and cell signaling. Observed cardiomyopathies in carnivores fed taurinedeficient diet are mainly the result of disturbances in muscle contraction. Thus the differentiated level of taurine in male and female turkeys would be responsible for skeletal muscle contraction rather than for muscle mass and body weight (Schaffer et al., 2010) . The decreased by 23% concentration of valine in breast muscles of males in this experiment seems not to be influential on gender-differentiated skeletal muscle characteristic, especially when one considers its main function in glutamine and alanine synthesis. It is noteworthy that the only one branched-chain amino acid (BCAA) stimulating muscle protein synthesis is leucine -the amino acid activating mTOR signaling and enhancing translation process. The other two BCAAs, isoleucine and valine, have no effect on mTOR phosphorylation and skeletal muscle protein turnover (Wu, 2009 ).
In conclusion this study revealed sex-differentiated body weight of 20 week old turkeys. Significantly higher body weight of males was related to higher skeletal muscle concentration of glutamine, tryptophan, serine and asparagine. Cysteic acid, taurine and valine reached significantly lower concentrations in breast muscles of males when compared to females. The obtained results indicate that functional amino acids such as glutamine and tryptophan contribute significantly to higher growth rate and final body weight. The observed sex-related differences of amino acid concentrations in breast muscles appear to be associated with physiologically differentiated dietary needs during growth and may serve to optimizing feed for male and female turkeys and improvement their systemic development, growth rate, performance and carcass yield. Thus, dietary differentiation of feed in terms of amino acid content for males and females of growing meat-type poultry would be beneficial for improved efficiency of metabolic transformations, protein synthesis, skeletal muscle accretion and meat quality. Negative changes in meat quality have been related to the intensive growth of the current turkey strains. Advances in genetic selection have resulted in rapid growth rates and increased skeletal muscle mass, predisposing turkeys to muscle disorders such as deep pectoral myopathies and increasing the incidence of pale, soft, and exudative muscle (Yost et al., 2002; Werner et al., 2008) . Moreover, the analysis of free amino acids in breast muscle of turkeys at the final stage of the production cycle may serve as an attractive methodological approach for evaluation of amino acid and protein metabolism in different physiological, nutritional and environmental conditions.
